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Abstract.TheatmosphericblockingovereasternEuropeand
westernRussiathatprevailedduringJuly andAugustof2010
led to the development of a devastating Russian heat wave.
Therefore the question of whether the event was predictable
or not is highly important. The principal aim of this study is
to examine the predictability of this high-impact atmospheric
event on a seasonal timescale. To this end, a set of dynami-
cal seasonal simulations have been carried out using an at-
mospheric global circulation model (AGCM). The impact
of various model initializations on the predictability of this
large-scale event and its sensitivity to the initial conditions
has been also investigated. The ensemble seasonal simula-
tions are based on a modiﬁed version of the lagged-average
forecast method using different lead-time initializations of
the model. The results indicated that only a few individual
members reproduced the main features of the blocking sys-
tem 3 months ahead. Most members missed the phase space
and the propagation of the system, setting limitations in the
predictability of the event.
1 Introduction
During the second half of July and beginning of August
of 2010, eastern Europe and western Russia experienced a
strong heat wave resulting in over 55000 deaths. The wild-
ﬁres in Russia ampliﬁed the impacts of the drought in the
area and led to a 25% signiﬁcant decrease of the annual
crop production and a total loss to the local economy of
more than USD15 billion (Barriopedro et al., 2011). This
heat wave was more intense compared to temperature recon-
structions from the last half millennia (Sedláˇ cek et al., 2011)
and covered a wider area than the heat wave over Europe
during the summer of 2003 (Stott et al., 2004; Schär and Jen-
dritzky, 2004). Such kind of mega-heat waves are more likely
to break the 500-year-long seasonal temperature records over
approximately 50% of Europe. According to regional multi-
model experiments, the probability of a summer experienc-
ing mega-heat waves is expected to increase by a factor of
5–10 within the next 40 years. However, the magnitude of
the 2010 event was so extreme that despite this prediction,
the likelihood of occurrence of a comparable event over the
same region remains fairly low until the second half of the
21st century (Barriopedro et al., 2011).
The Euro–Russian heat wave resulted from a strong block-
ing anticyclone that persisted over eastern Europe driving
warm air from Africa and the Arabian Peninsula to western
Russia and leading to unprecedented temperatures. During
the blocking period the orientation of the anticyclone favored
a cold northerly airﬂow towards the Indian Ocean, which in-
teracted with low-level warm and humid air and initiated the
heavy rainfall across the Gangetic Plains between the Bay
of Bengal in the east to northern Pakistan in the west (Web-
ster et al., 2011). The intensity of this event is conﬁrmed by
the amount of precipitation received in a single day, which
exceeded half of the annual rainfall (Ghelli et al., 2010).
Analysis of model simulations indicated that neither
anthropogenic inﬂuences nor other slowly varying ocean
boundary conditions substantially contributed to the magni-
tude of the event; rather, a primarily natural effect seems to
have triggered the Russian heat wave. The event was mainly
attributed to internal atmospheric dynamical processes that
produced and maintained an intense and long-lived block-
ing event. However the intensity of the heat wave was fur-
ther increased by regional land surface feedbacks (Dole et
al., 2011). A possible scenario of positive feedback involves
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carbon products and particulate matter primarily emitted
from the Russian forest ﬁres, which would further heat the
troposphere and evaporate cloud droplets. This process dy-
namically affects the atmospheric stability, amplifying the
heat wave and strengthening the downstream Rossby wave
from the large-scale blocking system and, ﬁnally, provok-
ing the ﬂoods in Pakistan (Lau and Kim, 2012). Similar sur-
face feedbacks and in situ processes also affected the pre-
dictability of the European heat wave in the summer of 2003
(Weisheimer et al., 2011).
For such intrinsically low-probability events, with long
return period, the questions of whether the events are pre-
dictable and over what lead time are of high importance.
The signiﬁcance of seasonal predictions lies on their abil-
ity to provide early warnings about oncoming and extreme
weather episodes that may cause human fatalities and signiﬁ-
cantly affect the infrastructure and environment. Forecasts on
seasonal to intraannual timescales rely on comprehensive at-
mospheric global circulation models (AGCMs) usually cou-
pled with land surface and hydrodynamic circulation models
withanimprovedunderstandingamongthecouplingsystems
(Gneiting and Raftery, 2005; Hurrell et al., 2009). So, it is of
great interest to understand if AGCMs are able to resolve
the main atmospheric mechanisms that trigger potentially in-
tense phenomena on various spatiotemporal scales and, ﬁ-
nally, to produce credible forecasts. Some studies reported
that AGCM-based seasonal forecasts may provide useful in-
formation especially on large-scale phenomena (e.g., El Niño
and La Niña) and reveal their likely inﬂuences on regional
climate (Shapiro et al., 2010). Other studies evidenced that
the predictability of seasonal weather statistics is also possi-
ble (Palmer and Anderson, 1994; Hastenrath, 1995; Rowell,
1998). However, some of them reported difﬁculties to pre-
dict summer mean precipitation anomalies in northwestern
Asian monsoon events even for a 0-month lead forecast, al-
though they are capable of predicting zonal wind anomalies
at 850hPa several months ahead and, consequently, satisfac-
torily predict summer monsoon circulation (Lee et al., 2011).
A computationally feasible approach in order to accomplish
reasonable predictions on a seasonal timescale is through en-
semble forecasting in which several model forecasts are per-
formed by introducing perturbations in the initial conditions
or in the models themselves (Kalnay, 2003; Chowdary et al.,
2010).
In this context, the principal aim of this study is to exam-
ine the predictability of the Russian heat wave on a seasonal
timescale. The dynamical seasonal simulations have been
carried out using the Community Atmosphere Model (CAM;
Collins et al., 2004) of the National Center for Atmospheric
Research (NCAR). A modiﬁed version of the lagged average
forecast method using different lead-time initializations of
themodelhasbeenadopted.Theimpactofvariousmodelini-
tializations on the predictability of this large-scale event has
been also investigated, because such comprehensive prog-
nostic systems are sensitive to the initial conditions. This is
due to the fact that the chaotic nature of the atmosphere im-
poses a ﬁnite limit of a few weeks to the predictability of
the atmospheric conditions (Kalnay, 2003; Matsueda, 2011).
Therefore, an ensemble forecasting method was introduced
in the context of numerical weather prediction. Ensemble
forecasting is assumed as a feasible method to integrate a
deterministic forecast with an estimate of the probability dis-
tribution of atmospheric states (Buizza, 1997).
2 Description of the synoptic conditions
The nature of the Russian heat wave and its origins were as-
sociated to the upper-level atmospheric circulation. During
summer 2010 the typical upper-level atmospheric circulation
over Asia was differentiated and the Rossby wave anoma-
lies invoked extreme phenomena. An omega blocking pat-
tern characterized the 500hPa July 2010 ﬂow (Dole and Gor-
don, 1983). The blocking anticyclone over Russia was the
dominant weather pattern prevailing in Europe from late July
to mid-August 2010 while the low frequency subtropical jet
meanders around it, increasing the meridional component of
the anomalous ﬂow at 500hPa over eastern Europe transfer-
ring warm air at 850hPa (Fig. 1). Moreover, a widespread
ridge at 500hPa extended from the Middle East to eastern
Europe and contributed to the formation of the omega block-
ing pattern. The synergistic effect of the upper air ridge and
the surface anticyclone secluded Russia from the westerly
airﬂow and intensiﬁed the omega block (Fig. 2). The heat
wave was trapped over Russia for about 3 weeks resulting
in increasingly high surface temperatures in the area. Fur-
thermore, the high levels of 1000–500hPa thickness ampli-
ﬁed the warm air mass depth (Fig. 3). This rapid geopoten-
tial height rise during the blocking development is character-
ized as a synoptic-scale pattern or as an interaction between
synoptic- and planetary-scale processes (Lupo and Smith,
1998).
As it was recorded from the meteorological stations in the
area, the highest July 2010 surface temperature anomalies
occurred near the center of the blocking (Table 1), where
northward displaced subtropical air, descending air motions
and reduced cloudiness all contributed to abnormally warm
surface temperatures (Ghelli et al., 2010). Severe drought
occurred with the Russian heat wave, making it likely that
land surface feedbacks ampliﬁed the heat wave intensity, as
has been observed in prior severe droughts (Fischer et al.,
2007). Thus, during nighttime the cooling of the ground sur-
face intensiﬁed the temperature inversion, resulting in ampli-
ﬁcation of the anticyclone. The vertical temperature proﬁle
over Moscow revealed an intense inversion layer coexisting
with a dry air mass in the lower troposphere (Fig. 4).
To the east of the omega block, anomalously cool tem-
peratures occurred in conjunction with an upper level trough
and southward advection of polar air (Dole et al., 2011). As
it is shown in Fig. 5, a subtropical jet streak at the level of
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Figure 1. Temperature at 850hPa (color shaded in K) and geopo-
tential height at 500hPa (contours in gpm – geopotential meters) for
29 July at 06:00UTC. Data are based on the ECMWF operational
analysis.
Figure 2. Mean sea level pressure (contours in hPa) and geopo-
tential height at 500hPa (color shaded in gpm) for 29 July at
06:00UTC. Data are based on the ECMWF operational analysis.
200hPa intensiﬁed the divergence in this level and the con-
vergence at the surface level (Uccellini and Johnson, 1979).
The interaction between this upper-level jet streak and dia-
batic processes initiated heavy rainfalls in a widespread area
of northern Pakistan.
Figure 3. 1000–500hPa thickness (color shaded in gpm) and
geopotential height at 500hPa (contours in gpm) for 7 August at
06:00UTC. Data are based on the ECMWF operational analysis.
Table 1. Maximum near-surface temperatures recorded at four
meteorological stations in Russia, Belarus and Finland (source:
ECMWF).
Met. Station Coordinates Max. Temp. (◦C)
Jaskul (Russia) 46.1◦ N, 45.2◦ E 42.2 (8/8/2010)
Moscow (Russia) 55.5◦ N, 37.4◦ E 39 (30/7/2010)
Gomel (Belarus) 52.2◦ N, 30.6◦ E 38.9 (7/8/2010)
Joensuu (Finland) 62.4◦ N, 29.4◦ E 37.2 (29/7/2010)
3 Model description and methodology
In this study, the seasonal predictability of the Russian heat
wave is investigated using the NCAR CAM (version 3),
which is the atmospheric component of the Community
Climate System Model (CCSM). CAM3 is an AGCM de-
signed to produce simulations for several different dynami-
cal cores and horizontal resolutions. A detailed description
of the physics and dynamics of CAM3 can be found in
Collins et al. (2004, 2006). The standard version, used in
this study, has 26 vertical levels and an 85-wave triangular
spectral truncation (T85L26). The speciﬁc Eulerian trunca-
tion corresponds to a zonal resolution of 1.41◦ ×1.41◦. In
CAM3, the physics and Eulerian or semi-Lagrangian dy-
namical cores are process-split, while the physics and ﬁnite-
volume (FV) cores are time-split (Williamson, 2002). The
diagnostic cloud-water scheme used in a previous version of
the model has been replaced by the prognostic cloud-water
parameterization of Rasch and Kristjánsson (1998) updated
by Zhang et al. (2003). Concerning the radiative process,
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Figure 4. Skew-T diagrams of Moscow (WMO ID: 27612) for 29
July at 00:00UTC. Radiosonde data are provided by the ECMWF.
the model includes separate evolution equations for the liq-
uid and ice-phase condensate and the revised scheme in-
cludes a new formulation of the fractional condensation rate
and a self-consistent treatment of the evolution of water va-
por, heat, cloud fraction, and in-cloud condensate (Zhang
et al., 2003). The aerosol data set includes the annually
cyclic, monthly mean distributions of sulfate, sea salt, car-
bonaceous,andsoil-dustaerosols.Theclimatologyisderived
from a chemical transport model constrained by assimilation
of satellite retrievals of aerosol depth (Collins et al., 2001).
The climatology in CAM3 is obtained from aerosol assimila-
tionfortheperiod1995–2000.CAM3alsoincludestheCom-
munity Land Model (CLM) for the treatment of land surface
energy exchanges. The model examines the physical, chemi-
cal, and biological processes by which terrestrial ecosystems
affect and are affected by climate across a variety of spa-
tial and temporal scales (Oleson et al., 2004). Stand-alone
integrations with CAM3 employ a global sea surface tem-
perature (SST) and sea-ice conditions (SIC) data sets sim-
ilar to those utilized by the ECMWF (European Centre for
Medium-Range Weather Forecasts; Fiorino, 2004) based on
the 40-year reanalysis project (ERA-40).
In this study the performance of the model has been as-
sessed by simulating the large-scale blocking system devel-
oped over eastern Europe and Russia in July and August of
2010.Tothisend,seasonalsimulationsoftheCAM3coupled
with the CLM have been carried out using a time-variant cli-
matological SST data set for the deﬁnition of the sea surface
boundary condition. The simulations were based on a mod-
iﬁed version of the lagged average forecast (LAF) formula-
Figure 5. Wind speed (color shaded in ms−1) and direction at
200hPa for 29 July at 00:00UTC. Data are based on the ECMWF
operational analysis.
tion introduced by Hoffman and Kalnay (1983). In a short-
range forecast the LAF method consists of ensemble mem-
bers that include the latest operational forecast, and also fore-
casts for the same veriﬁcation time started a few days earlier
than the latest one (Dalcher et al., 1988). Thus each member
includes the governing dynamics and it can be considered as
a perturbation about the ensemble mean. In accordance to the
LAF methodology, CAM3 seasonal-scale simulations were
initialized from the daily global analysis assuming each anal-
ysis as a perturbation of the previous one due to the long lead
time of 2–7 months ahead. Thus, the ensemble consists of
61 members with different initialization dates and different
simulation lengths, but with identical end time. In particular,
each member was initialized by the Global Forecasting Sys-
tem (GFS) analyses at 00:00UTC (Universal Time Coordi-
nated) of each day of January and April 2010 and performed
a simulation up to 1 September at 00:00UTC. Hence, the
ﬁrst model run (member) was initialized by the 00:00UTC
1 January GFS analysis and performed the simulation for 8
months (243 days). The second run started at 00:00UTC 2
January and produced a simulation of 242 days. Likewise,
the member 32 was initialized by the 00:00UTC 1 April
GFS analysis and integrated for a period of 5 months (153
days). Finally, the last ensemble member was initialized by
the 00:00UTC 30 April 2010 GFS analysis with simulation
period of 4 months (124 days).
In this way, 31 members were produced with 5–8 months
lead time for the period of June, July and August (JJA) and
30 members were produced with 2–5 months lead time for
the same period (Fig. 6). In order to assign the estimated
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Figure 6. Schematic representation of the seasonal simulations en-
semble procedure.
temperature anomaly, monthly averaged model outputs were
compared against long-term monthly means valid for the
period of 1971–2000, released by the National Center for
Environmental Predictions (NCEP) and NCAR (Kalnay et
al., 1996). Moreover, spaghetti plots of the temperature at
850hPa have been also produced as a guidance provision of
each member uncertainty.
4 Predictability of the atmospheric blocking
4.1 Temperature at 850hPa and geopotential height
at 500hPa
The simulated temperature at 850hPa and geopotential
height at 500hPa of individual ensemble members are com-
pared against the relevant ECMWF operational analyses in
order to evaluate the predictability of the event. Some mem-
bers indicate an early warning of the event and reveal the
large-scale spatiotemporal characteristics of the blocking
system that prevailed over Russia even 3 months in advance.
For instance, the member initialized at 22 April 2010 and
referenced as 0422 satisfactorily reproduced the main block-
ing pattern over eastern Europe for 16 July at 12:00UTC
(Fig. 7a). However this member simulated a northward ex-
tended and more intense system compared to an early staged
blocking system depicted in the ECMWF analysis (Fig. 7b).
Four days later the 0422 member displaced a mature stage
system over central Russia while in the ECMWF analysis the
blocking pattern was still in developing stages over eastern
Europe (Fig. 8a, b). Despite the fact of the early warning this
member missed the phase of the system and its spatiotem-
poral characteristics as well, predicting a short-lived east-
ward propagating blocking pattern. The individual member
initialized at 25 April 2010 and referenced as 0425 further
improved the prediction of the blocking system on 16 July at
12:00UTC (Fig. 9a) reproducing a less northward-extended
Figure 7. Temperature at 850hPa (color shaded in K) and geopo-
tential height (contours in gpm) at 500hPa for 16 July 2010
at 12:00UTC based on (a) the ensemble member initialized at
22 April 2010 and (b) ECMWF operational analysis.
system. However the 0425 displaced the center of the sys-
tem to central Russia on 20 July and predicted a short-lived
blocking pattern that lasted only 5–6 days (Fig. 9b). This led
tooverestimationofthe temperature advectiontotheaffected
area and underestimation of the polar anomaly ﬂow eastward
of the blocking system.
4.2 Spaghetti plots of the temperature at 850hPa
The mean monthly isotherm of the 283K obtained from each
oneofthe61membersiscomparedagainsttheNCAR/NCEP
long-term (based on the 1971–2000 period) mean monthly
isothermal values of 283K (10 ◦C) and 278K (5 ◦C). This
comparison determines whether the estimated temperatures
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Figure 8. Temperature at 850hPa (color shaded in K) and geopo-
tential height (contours in gpm) at 500hPa for 20 July 2010 at
12:00UTC based on (a) the ensemble member initialized at 22
April 2010 and (b) ECMWF operational analysis.
exceedtherelevantclimatologicalvaluesfortheperiodunder
consideration. In Fig. 10a almost all the members that were
initialized in January 2010 exceeded the NCEP/NCAR long-
term monthly mean temperature at 283K for July 2010, pre-
dicting increased occurrence probability for higher than nor-
mal temperatures over eastern Europe and Russia. But, only
a few members exceeded the long-term isotherm of 278K,
indicating that the predicted temperature anomaly is likely
to be less than 5K. However, the recorded mean monthly
temperature anomalies for July 2010 provided from the Na-
tional Oceanic and Atmospheric Administration (NOAA)
show that the surface temperature anomaly was more than
5 ◦C over eastern Europe and Russia (Fig. 11). The spaghetti
Figure 9. Temperature at 850hPa (color shaded in K) and geopo-
tential height (contours in gpm) at 500hPa at 12:00UTC for (a)
16 July 2010 and (b) 20 July 2010 from ensemble member initial-
ized at 25 April 2010.
plots referenced to the mean monthly temperature of Au-
gust 2010 (Fig. 10b) suggest that almost half of ensemble
members exceeded the long-term isotherm of 278K. As it is
shown in Fig. 10a and b, the divergence of the forecasts for
July and August within the ensemble indicates that the uncer-
tainty in the forecast can be high. Such reduced predictabil-
ity is more prominent over the eastern ﬂanks of the blocking
system and it is associated with the eastward displacement of
the system obtained from almost the entire members initial-
ized in January 2010. The simulations for April 2010 indi-
cate persistence, similar that in January, of higher than nor-
mal temperatures over the study area. For July 2010, most of
the April members are found in the range of 278–283K long-
term means (Fig. 10c) while for August 2010 they are placed
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Figure 10. Spaghetti plots (solid red lines) of the July and August 2010 mean monthly temperature at 850hPa isotherms of 283K (10◦C)
for the ensemble members initialized in January 2010 (a and b) and in April 2010 (c and d). NCEP long-term mean-monthly isotherms at
850hPa of 283K (10◦C) and 278K (5◦C) are denoted in solid blue and cyan lines respectively.
northward close to 278K (Fig. 10d). For both months the en-
semble spread is reduced over eastern Europe while areas of
high uncertainty are located over central Russia. Despite the
fact of the long lead period, both January and April members
provide similar predictability conﬁdence. Thus, April simu-
lations provide almost negligible predictability improvement
comparing against the relevant January simulations. Further-
more, the comparison between the maximum daily tempera-
tures at 850hPa obtained from the ensemble members inte-
grated over eastern Europe and Russia and the corresponding
ECMWF analyses did not reveal any strong signal of the ex-
tremely warm summer (Fig. 12a and b).
4.3 Temperature anomaly at 850hPa
A temperature anomaly at 850hPa is an indication of the
model predictability compared to the NCEP/NCAR long-
term monthly means. Figure 13 presents the mean monthly
temperature anomaly for August 2010 simulated from the
individual member 0422. An extended area over eastern
Europe and western Russia is characterized by above nor-
mal temperatures of up to +6 ◦C and it was combined with
a negative temperature anomaly eastward of the blocking
system driving polar air masses southward and initiating
torrential rains in Pakistan. Even though this indicates a
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Figure 11. Mean temperature anomalies (◦C) for July 2010 with respect to the 1971–2000 base period. (Source: National Climatic Data
Center, NESDIS/NOAA).
possiblepredictabilityfromsomeindividualmembersalmost
4 months in advance, generally this was not the case for most
of the ensemble members.
Figure 14 depicts the mean monthly temperature anoma-
lies for July and August 2010 obtained from both forecast-
ing periods, January and April. In Fig. 14a the prevailing
temperature anomaly over Russia is of up to +2 ◦C while
the maximum anomaly of almost +6 ◦C is located over the
Middle East and the northern areas of Saudi Arabian Penin-
sula. This overestimation of the temperature anomaly over
Russia is not considered as statistically signiﬁcant in a 95%
conﬁdence level. A similar pattern is also clearly depicted
in the mean August temperature anomaly obtained from the
January 2010 ensemble members (Fig. 14b). The compari-
son against NOAA’s mean monthly temperature anomalies
(Fig. 12) revealed the model’s inability to reproduce the lo-
cal maxima of temperature anomalies. This is a strong in-
dication of reduced predictability of a large-scale event in a
lead period of 5–7 months. April members were not able to
signiﬁcantly increase the forecasting skill. Indeed, they sim-
ulated a secondary maxima of temperature anomalies over
Balkan Peninsula and southern Russia (Fig. 14c) and it was
combined with a zone of positive anomaly of up to +2 ◦C
extending from eastern Europe to central Russia in August
2010 (Fig. 14d). Such anomalies include high levels of un-
certainty since they are not considered as statistically signif-
icant in a 95% conﬁdence level. The above mentioned anal-
ysis conﬁrms that almost the entire members initialized on
April 2010 and having 2–5 months lead time did not pro-
vide any further predictability improvement. Thus the pre-
dictability seems to be independent to the forecast horizon
varying from seasonal to intraannual timescales. This evi-
dence is also in agreement with Matsueda’s (2011) inves-
tigation of the extreme Euro–Russian blocking and of the
blocking-induced extreme surface temperatures based on ﬁve
operational medium-range ensemble forecasts. In this study,
Matsueda concluded that the predictability of this particular
event has been lost after a few weeks of simulations. De-
spite the few individual members in April, which resolved
the main features of the blocking system almost 3 months
before the event, the spread of most members (in January
and April) indicates a rather short memory and therefore
weakdependencefromtheirinitialconditions.Similarexper-
iments, based on NOAA’s Climate Forecast System (CFS),
initialized in early June 2010, show no evidence for a change
in the probability of prolonged daily blocking during July
2010 over western Russia compared to the relevant July sim-
ulations (Dole et al., 2011). Forecasts from the ECMWF En-
semble Prediction System (EPS) indicated the presence of
positive anomalies over Russia, which became stronger as
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Figure12.Maximumdailytemperaturesat850hPa(thinbluelines)
integrated over eastern Europe and Russia of the ensemble members
initialized at (a) January and (b) April valid for the period July 15 to
August 15, 2010. Ensemble means are denoted with thick blue lines
and the red line corresponds to the ECMWF operational analyses.
the forecast lead time decreased and ﬁnally gave a good indi-
cationofthetemperatureanomalyoverRussiathreeweeksin
advance (Ghelli et al., 2010). These evidences provide a con-
ﬁrmation that the predictability of the event is limited in the
few weeks before the event and that most ensemble members
having 2–5 and 5–7 months of lead time are mainly domi-
nated by high levels of uncertainty.
Figure 13. Mean monthly temperature anomaly (color shaded in K)
at 850hPa for August 2010 based on the ensemble member initial-
ized on 22 April 00:00UTC. Shaded areas exceed the 95% conﬁ-
dence level.
5 Concluding remarks
The predictability of the Russian heat wave on a seasonal
timescale has been investigated in this study. The dynamical
seasonal simulations have been carried out using the state-
of-the-art CAM3 AGCM. The impact of various model ini-
tializations on the predictability of the event was also inves-
tigated because such comprehensive prognostic systems are
sensitive to the initial conditions due to the chaotic nature of
the atmosphere. According to the synoptic analysis, the Rus-
sian heat wave provoked by a strong omega blocking system
persisted over eastern Europe driving warm air from Africa
and the Arabian Peninsula to western Russia. The vertical
temperature proﬁle over Moscow reveals an intense inver-
sion layer coexisting with a dry air mass in the lower tropo-
sphere resulting in ampliﬁcation of the anticyclone. During
the blocking period the orientation of the anticyclone favored
a cold northerly airﬂow towards the Indian Ocean, which
interacts with low-level warm and humid air and triggered
heavy rainfall across northern Pakistan.
Seasonal simulations of the event were based on a modi-
ﬁed version of the LAF method constructing 61 independent
ensemble members initialized on January and April 2010.
Each ensemble member has been integrated 8 and 5 months
ahead respectively and in this way, for the period of JJA, 31
members were produced on a 5–8 months lead time and 30
members on a 2–5 months lead time.
As far as the predictability is concerned, only a few indi-
vidual members in April reproduced the main features of the
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Figure 14. Mean monthly temperature anomaly (color shaded in K) at 850hPa for July and August 2010 based on the ensemble members
initialized in January 2010 (a and b), and April 2010 (c and d). Shaded areas exceed the 95% conﬁdence level.
blocking system almost 3 months before the event. For both
sets of simulations the ensemble spread is relatively limited
over eastern Europe while the areas of high uncertainty are
mainly located over central Russia. Most members displaced
the basic characteristics of the phase space and the velocity
of the system shifting the center eastward and predicting a
short-lived blocking pattern. Despite the fact of the long lead
period, both January and April members provided similar
conﬁdence of the forecast reliability. Thus, almost all mem-
bers initialized on April 2010 and having a 2–5 months lead
time did not provide any further predictability improvement.
Thus the predictability seems to be independent to the fore-
cast horizon varying from seasonal to intraannual timescales.
The results of this study underline the main difﬁculties and
limitations in the seasonal simulation of such high-impact
weather event. Many studies conﬁrm that the seasonal-scale
predictability may be feasible but further work is required to
properly assess these ﬁndings (Palmer and Anderson 1994;
Hastenrath, 1995; Rowell, 1998; Lee et al., 2011). However,
since the LAF method is operationally feasible, due to the
fact that the LAF ensemble members can be produced dur-
ing the normal operational cycle, it is of great importance
to investigate furthermore the performance of such ensemble
forecasting system. To this end, more high-impact weather
events should be considered in order to evaluate the forecast
skill and assess the effectiveness of the seasonal prediction.
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